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Pollen Loads of Cloud Forest Nectarivorous Bats
Rhett Miller
Department of Biology, Wabash College, Crawfordsville IN

___________________________________________________________________
ABSTRACT
The purpose of this study is to find out the degree of feeding specialization of three nectarivorous bats Anouri geoffroyi, Glossophaga commissarisi, and Hylonycteris underwoodi - that occur in the Cloud
Forest of Monteverde, Costa Rica. The bats were mist netted for a total of nine nights distributed evenly
throughout a month, and pollen loads were taken from the chest, head, and back of each bat and placed
onto individual slides for the different body parts where the pollen was extracted. The slides were
examined to ascertain the types of pollen carried by the bats and some were referenced with a small pollen
library and Pollen and Spores of Barro Colorado Island (Roubik and Moreno 1991). A total of 20
morphospecies was found. A two-way ANOVA found a significant difference between the sexes of the
bats for pollen species richness (F = 4.247, P = 0.0437, DF = l). Male bats were found to be typically
specialists in relation with their feeding habits while females were found to be generalists. Also, a general
trend found was that the smaller bat species were found to have a higher abundance of pollen species.

RESUMEN
La intención de este estudio es descubrir como especializado los hábitos son de los Murcielagos que
chupan néctar - Anouri geoffroyi, Glossophaga commissarisi, and Hylonycteris underwoodi - que ocurren
por la Galena de Colibri en Monteverde, Costa Rica. Los murciélagos fueron atrapados por un total de
nueve noches distribuido igualmente por un mes y ejemplos de polen fueron sacados de los pechos, las
cabezas, y las espaldas de cada murciélago. Entonces los ejemplos of polen fueron puestos en
portaobjetos de vidrio para observarlos en un microscopio compuesto para contar las especies de polen.
Unos de los ejemplos fueron hechos alusiones con una biblioteca pequeña y con el texto Pollen and
Spores of Barro Colorado Island (Roubik and Moreno 1991). Un total de 20 morphospecies fue
encontrado de los cuerpos de los murciélagos. Un ANOVA de dos vías se llevo a cabo para comparar el
promedio de la riqueza de especies de polen por sexo de murciélago. Hubo una diferencia significativa (F
= 4.247, P = 0.0437, DF = l). De otros gráficos, murciélagos machos fueron encontrados ser especialistas
en relación con sus hábitos de comer mientras las hembras fueron encontrados ser generalistas. También
un curso general fue descubierto que los especies más pequeñas tienen cantidades mas abundantes de
polen riqueza.

INTRODUCTION
Of the various plant-pollinator interactions important to the function of tropical
ecosystems, bats are well represented but poorly studied (Bawa 1990). As many as 500
species of plants rely partly or totally on bats as pollinators (Vogel 1969, in Heithaus et al
1974). Mucuna (Fabaceae: Papilionoid) (Helversen 1999), Bauhinia pauletia (Fabaceae:
Caesalpinoid) (Heithaus et al. 1974), and Lemaireocereus (Cactaceae) (Helversen 1984)
are just a few conspicuous tropical forest plants that depend solely on bats as pollinators.
Bawa (1990) also states that plant-pollinator interactions give us an opportunity to
address problems of evolutionary and ecological interest such as the wide range of
specialization in plant-pollinator interactions at various taxonomic levels provides rich
material for an assessment of factors promoting coevolution.

Throughout many years bat-plant relationships have evolved in consistent ways
that lead to a pollination syndrome (Howe and Smallwood 1982). For example, the
majority of bat plants have flowers that are white, creamy, or greenish, with a musky,
even 'batty', odour (Altringham 1996). The flowers frequently open at night and
sometimes only for a limited time after dusk. The flowers may be quite large and belllike, with large nectarines deep in the bowl of the flower. Some flowers even have
landing platforms. In Mucuna urens a petal is shaped to reflect echolocation for guides to
the flower. At the same time, nectarivorous bats have evolved long, narrow muzzles with
greatly elongated tongues so that they can consume nectar from the tubular-like corollas
of bat flowers (Reid 1997).
In specializing to bat pollination, plants have a trustworthy pollinator that allows
them to increase efficiency of outcrossing (Heithaus et al. 1974). In return, bats have a
nearly continuous source of food and decreased competition for nectar during the night.
With these studies in mind, I would like to follow up on this topic of plantpollinator interactions and ascertain the degree of specialization of the foraging habits of
the nectarivorous bats in the Cloud Forest in Monteverde, Costa Rica.

METHODS
The study was conducted at the Hummingbird Gallery near the Monteverde Cloud Forest
Reserve in the Puntarenas Province of Costa Rica. This is a Lower Montane Wet Forest
Life Zone (Haber 2000). The location of the Hummingbird Gallery was recommended as
a very productive site for bat netting as bats readily visit feeders there (Reid 1997).
Mist nets were set up at the gallery from six o'clock in the evening until nine
o'clock in the evening. Two nets were used each time mist netting was conducted, and
they were placed in different locations and positions for the purpose of catching different
species and not allowing them to become accustomed to the nets in the same place. The
total number of nights attributed to mist netting was nine nights evenly spaced throughout
a month.
Once the bats were captured, the species was determined followed by each bat's
sex and weight. The weight was recorded using a Pesola scale. If a bat was determined to
be a female, it was also noted if it was visibly pregnant.
After this information was noted, pollen was removed from the bats. Two ways
were recommended yet one was found to be sufficient. This technique was the utilization
of strips of scotch tape, and they were wiped across the chest, head, and back of the bats
(Rice 2001). This technique made it relatively easy to obtain pollen from every body part
of each bat. Once the pollen loads were collected onto the tape, they were placed on
individually labeled glass slides in order to examine the samples later.
In the laboratory, the slides were placed under a compound microscope for pollen
identification and relation with the relative bats from which they came. Many of the
pollen characteristics were recorded under 400 x magnification. Using a text with
magnified pollen samples, Pollen and Spores of Barro Colorado Island (Roubik and
Moreno 1991), the pollen removed from the bats was compared to the photographs in
order to ascertain the family or even the genus of the pollen grains. Additionally, a
reference library of pollen was established just in case further studies are conducted after
this one.

RESULTS
A total of 84 bats was captured at the gallery during the study. Sixty-seven of the 84 bats
were nectarivorous bats consisting of Anoura geoffroyi (29), Glossophaga commissarisi
(15), Glossophaga soricina (2), and Hylonycteris underwoodi (21). The remaining 17
bats were frugivorous consisting of Artibeus toltecus (13) and Sturnira ludovici (4). The
A. geoffroyi(13-18 g) is characterized as medium in size, with short, rounded ears,
elongated muzzle, small noseleaf, no tail, greatly reduced and hairy tail membrane, and a
lower jaw that extends well beyond the upper jaw. G. soricina (7-12 g) is a small bat with
reddish brown to gray brown upperparts, bicolor fur (tricolor if tips are frosted), whitish
hair base, elongated muzzle, short tail that is about 1/3 length of naked tail membrane,
and naked forearms and legs. G. commissarisi (6-11 g) is similar to G. soricina, but
differs in the following ways: it averages slightly smaller with a shorter muzzle; its
upperparts are not frosted and often dark brown instead of reddish or gray brown; and
there are small lower incisors that are clearly and evenly spaced. H. underwoodi (6-12 g)
is the smallest of the bats that were captured at the gallery. It has dark brown or blackish
upperparts, faintly tricolor hairs, greatly elongated muzzle, and no lower incisors, hairy
forearm base, wings attached to the ankles, and a lower jaw that extends well beyond the
upper jaw (Reid 1997). The fruit eating bats A. toltecus and S. ludovici are easily
distinguished from the nectarivores by their shorter muzzles. S. ludovici is a larger fruit
eating bat than A. toltecus, and the tail membrane of the A. toltecus is U-shaped whereas
the tail membrane of the S. ludovici is greatly reduced.
Pollen samples were collected from each nectarivorous bat. A total of 20
morphospecies of pollen was found among the slides, and among these only two of them
were matched in the pollen library (M. urens and Capanea grandiflora: Gesneriaceae).
A relationship between sexes of each species and the total pollen abundances that
they carried is summarized in figure one. Two general trends can be seen. First, as the
size of the bat species increases from left to right, the abundance of pollen species
decreases. Second, the abundances of H. underwoodi and G. commissarisi males are
much higher than even their female counterparts along with dominating over A. geoffroyi.
In Figure 2 the females of H. underwoodi have a considerably higher mean pollen species
richness than the rest of the other species and sexes. One interesting point to clarify is
that females of both H. underwoodi and G. commissarisi were both small sample sizes
yet they managed to be very close in numbers of mean pollen species richness to the
males. A one-way analysis of variance confirmed a significant difference among the
sexes for the mean pollen species richness (F = 4.247, P = 0.0437, DF = 1) (Figure 3). A
Jaccard overlap indices found a few differences among species (H. underwoodi - 0.47, G.
commissarisi - 1.0, and A. geoffroyi - 0.58).
One aspect that was not covered thoroughly was that 15 or more fruit eating bats
were captured in the mist nets during the study. Moreover, they were found to carry a
couple of the common pollen species that the nectarivorous species carried on their
bodies, so further study could be a very interesting idea.

DISCUSSION
The question of whether nectarivorous bats are specialized in their feeding habits is
largely unknown, but the results here provide further information. As mentioned above,
the species size is inversely proportional with their total pollen abundance (Figure 1).
This would make sense because the smaller they are, the larger amounts of nutrients they
need to keep up with their higher metabolisms and keeping their body temperatures
constant. Additionally, as mentioned in the Tropical Diversity Laboratory Diversity Day
Handouts (Masters et al 2002), for any animal, the energy requirement of a gram of tissue
is greater for a small individual than for a larger one.
Figure 2 shows that the females of H. underwoodi are more pollen rich than any
of the other sexes regardless of species. More than likely, this is due to the small
sampling of females that was captured. However, of the five that were captured, four had
at least 5 species on their bodies. Also, even though it is not shown in the figure, the four
females of G. commissarisi species had an average of 4.75 species of pollen on their
bodies which is fairly high when the range was 1-7 pollen species. Therefore, it is more
likely that females have a general trend towards being generalists in their feeding habits.
This trend could also be attributed to the fact that they have to prepare for upcoming
young, or that they are actually carrying young as some were. The males on the other
hand tended to have a more specialist habit of feeding based on pollen loads. Their
average pollen richness is generally lower than the females. Interestingly the males' total
pollen abundances, shown in the H. underwoodi and the G. commissarisi are higher than
the females. One major reason for this could be related to the presence of large amounts
of M. urens pollen on the tail membranes of the back sides. On some of the bats there
were thousands of Mucuna grains; the presence of these grains was very common in this
one specific location on both of the smaller species H. underwoodi and G. commissarisi.
The males' higher abundance may be due to the fact that they form traplines with
Mucuna and have become somewhat territorial such as the G. soricina does with
Cresentia and Bauhinia flowers (Heithaus et al 1974).
A one-way ANOVA demonstrated that there was a significant difference among
the sexes of the nectarivorous bats for mean pollen species richness. It appears that the
females of both H. underwoodi and G. commissarisi are more species rich than their male
counterparts. Perhaps females need more nutrients due to reproduction reasons. The odd
piece of information in these data is the fact that there is not much of a pollen richness
difference between the males and females of the A. geoffroyi. This may be attributed to
having a higher number of samples for both the males (14) and females (15) since, the
other two species had fewer numbers, there is a spurious trend for females to have more
pollen types than males.
Also as stated earlier, Jaccard indices of overlap were performed. One really odd
piece of information was that G. commissarisi had an overlap index of 1.0. Compared to
H. underwoodi (0.47 and a smaller species, yet similar), this value is higher than would
be expected. I could not find any literature that led me to a reason for this so this would
obviously be a good direction for further study.
Due to the small sample sizes, the trends found here should be considered
tentative. Further study is needed to indeed find if there is a significant difference among
the differing species and the pollen loads associated with them. Due to time constraints,
the exact numbers of pollen could not be determined in order for more concise, more

significant data.
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